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Description 

RELATED APPLICATION 

s The present application is related to European Patent Application Publication No. EP-A-0 517 370 {Beckman 

Docke t No. 128D-117 ). entitled ' QUAN TIT ATION OF S AMP LE S UTILIZING CAPILLARY ELECTROPHO RESIS' and 

Europea n P ata n t A pplica t io n Pub li cat i on No. EP- A - 0 5 1 8 47& 4Be c k m an D ook o t N o . 12 8 D - 120. entitted-^BEN T I F I CA - 

TION OF SAMPLE CONSTITUENTS UTILIZING CAPILLARY ELECTROPHORESIS, both filed simultaneously here- 
with by Fu-Tai A. Chen. 

FIELD OF THE INVENTION 

The present invention is related to analysis of samples in general, analysis by capillary zone electrophoresis in 
particular, and specifically to electrolyte buffers useful in open capillary zone electrophoresis 

TS 

BACKGROUND OF THE INVENTION 

The articles set forth in the Background of the Invention are each incorporated herein by reference 

Mammalian proteins, for example, those derived from clinical samples such as whole blood, serum, plasma, cer- 

2" ebrospinal fluid, and urine, are useful as indicators of a disease state or a bodily condition. The amount and type of 
these proteins in the sample can provide a wealth of informatbn to the investigator 

For example, the protein components of serum include albumin, alpha-1 lipoprotein, alpha-2 macroglobulin, beta- 
1 lipoprotein and immunoglobulins (including gammaglobulins). Albumin, the major protein of serum, is usually present 
in a concentration of between 4.0 and 5.0 g/dL. Decreased concentration of albumin can he indicatwe of renal disease; 
increased concentration of albumin is characteristic of dehydration. Elevations of alpha-1 lipoprotein can be indicative 
of chronic alcoholism or hyperestrogenism due to, e.g., pregnancy. Elevated levels of beta-1 lipoprotein can be indic- 
ative of increased cholesterol levels. 

Mammalian proteins are charged proteins containing both cation ic and anionic moieties. They thus lend themselves 
to analysis by capillary zone electrophoresis ("C2E"). CZE is a technique which permits rapid and efficient separatbns 

30 of charged substances. In general, CZE involves introduction of a sample into a capillary tube, i.e. a tube having an 
internal diameter of from about 10 to about 2000 microns and the application of an electric field to the tube. The electric 
potential of the field both pulls the sample through the tube and separates it into its constituent parts. I.e., each of the 
sample constituents has its own individual electrophoretic mobility; those having greater mobility travel through the 
capillary tube faster than those with slower mobility. Asa result, the constituents of the sample are resolved into discrete 

3S zones in the capillary tube during their migration through the tube. An on-line detector can be used to continuously 
monitor the separation and provide data as to the various constituents based upon the discrete zones. 

CZE can be generally separated into two categories based upon the contents of the capillary columns. In 'gel' 
CZE, the capillary tube is filled with a suitable gel e g , polyacrylamide gel. Separation of the constituents in the sample 
is predicated in part by the size and charge of the constituents travelling through the gel matrix. In "open" CZE, the 

40 capillary tube is filled with an electrically conductive buffer solutbn. Upon ionization of the capillary, the negatively 
charged capillary wall will attract a layer of positive ions from the buffer. As these ions flow towards the cathode, under 
the influence of the electrical potential, the bulk solution (i.e., the buffer solution and the sample being analyzed), must 
also flow in this direction to maintain electroneutrality. This electroendosmatic flow provides a fixed vetocity component 
which drives both neutral species and ionic species, regardless of charge, towards the cathode. The buffer in open 

45 CZE is as stable against conduction and diffusion as the gels utilized in gel CZE Accordingly, separations can be 
obtained in open CZE quite similar to those obtained in gel-based electrophoresis. 

Fused silica is principally utilized as the material for the capillary tube because it can withstand the relatively high 
voltage used in CZE, and because the inner walls ionize to create the negative charge which causes the desired 
electroosmatic flow 

so For example, fused silica capillary tubes have been successfully used for the separation of carbohydrates, when 

borate was used as a buffer additive. 

Complexation of hydroxy groups with borate ions enhanced resolution by contributing to the charged character of 

the carbohydrates. See, e.g. Liu J et al, "Ultrasensitive fluorometric detection of carbohydrates as derivatives in mixtures 

separated by capillary electrophoresis ' Proc Natl Acad Sci USA 88: 2302-2306 (1991) 
ss The ionization of the inner walls of the capillary tube does, however, create problems with respect to separation 

of proteins. 

For example, Josic et al in "High-performance capillary electrophoresis of hydrophobic membrane proteins " J 
Chromatogr 516 :89-98 (1990) could not recover hydrophobic proteins from an uncoated fused silica capillary, without 
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adding denaturing reagents to the sample. 

^^T'^- T''""'.^'^ hetero-polyelectrolytes (i.e. an approximate equivalent number of positively and neq- 
Tal tT ""T"" " "^""'"'^ '"^'^'^"'^ ^ neutral-Charge). Thurren ionld a 

onto the tube. Glycol modified fused silica capillaries have been used for serum protein analysis bZl wrth 
'0 success see Jorgenson. J.W. & Lukacs, K.D. -Caplltery Zone Electrophoresis." Sctr^ce Sfi 27^^^^^^^ 

because treated fused silk:a capillaries have a relatK^ely short shelf-life and their c^iiii^hfSa tendeLy fo "disrolv ■ 

:.rbeTnrd"::re::n?b;r°'^ 

Ts 4 6Mherefore a,?H a « ThI P'" ^^'^^^ '^e negative moieties. For example, the pi of albumin 

rhtn'J^ T ; i*^ • "^9^"^^'y ^^^^9^^ Positively charged moieties of albumin are equal and the overaJ 
0 anlT nTT '""T •'^^ P°'"'' "«g«tively charged moieties predoSe 

^I?h^r f " r'"'"" ""'"^ '""""""^^ °' ^ P^^ ''""^^^ ^" °' protein species of he samp e 
g^ltdi^inrnS^^^^^^ 

rh.n°F T-n""^'!.' ^ ^' "^^P'"^^ electrophoresis: a new clinical tool." Clin Chem 37 -14-1.Q (1991) and 

Chen, F A Rapid protein analysis by capillary electrophoresis.' JChromatoqr559: 18 

»rnnh f ^ ^ drfferences can cause structural changes in the protein or even hydrolysis Attempts to elec 

Ztr' ' ; '"J"tr-^'«d fused-silica capillary tubes using buffer solutions having pH ranSsToT^li hive 
resulted ,n irreproducible migration of all sample zones. See Lauer, H.H. and McManiqill D -CaDilterv Zohp pl^ro 
phoresis of Proteins in Untreated Fused Silica Tubing.- Anal. Chem 58166 IBp S ^ ^ 

It has been theorized that protein adsorption onto the untreated f~sed capillaiy wall is due to ion exchanoe inter 
actions between cationic sites in the protein and silicate moieties in the wall. See Jorgenson J W^Slarv Pr r 

the MnHriir.hi « P°'^""^' «PP"«d to the capillary tube must be greatly diminished. This however has 

the undesirable effect of increasing the time necessaiy for analysis of the sample nowever, has 

Because capillary zone electrophoresis is such an extremely powerful tool for the separation of ionic soecies a 

SUMMARY OF THE INVENTIOM 

The present invention as defined in claim 1 satisfies these needs, by providing a buffer useful in the analvsis of 
clinical samples in CZE utilizing untreated capillary tubes. ^uuer userui in tne analysis of 

The buffer comprises at least one agent capable of complexing with sugar moieties of glycoproteins Examoles of 

ot a-a kyl ammonium phosphate having from about 1 to about 8 carbon atoms in the aikyi pomoaThe a ka -nie al 

A pH modifier is preferably added to the buffer By "pH modifier" is meant an aaent that is useful in ad^ucf na -e 
^7.h u ^''^ '^^^P'^'^'^S «9^"t, and Which preferably includes a monovatn cati;n 

Suitabte pH modifiers include alkali-metal hydroxides, such as lithium hydroxiSe, sodium hydroxWe Zassiur^ hvdrox 
ide, rubidium hydroxide, cesium hydroxide, francium hydroxide, and mono-, di-, tri-, and telaSammoniulJ^^^^^^ 
ide having from between about 1 and about 8 carbon atoms in the alkyi portion '^'^^-^'^V ammonium hydrox- 
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The pH of the butter is greater than the pi ot substantially all of the constiuents of the sample being analyzed. The 
pH modifier can be added to the buffer comprising at least one complexing agent such that the pH of the buffer Is 
greater than a designated pi. 

BRIEF DESCRIPTION OF THE DRAWINGS 

-alo ctr op h a roy a m of a n ormal^ontrot-sefufrv-sampte-sefiafate^ tnto^ts-eonstitoents-by-slab-eleetf©-^ — 



ptioresis; 

FIG. 2 Is an electropherogram of the normal control serum sample of FIG. 1 separated Into its constituents by CZE; 

FIG. 3 is an electropherogram of an IgG kappa myeloma patient serum sample separated into Its constituents by 
slab electrophoresis; 

FIG. 4 is an electropherogram of the IgG kappa myeloma patient serum sample of FIG. 3 separated into its con- 
stituents by CZE; 

FIG. 5 is an electropherogram of a cerebro-spinal fluid sample separated into its constituents by CZE: 

FIG. 6 is an electropherogram of the same cerebro-spinal fluid sample of FIG 5, dialyzed with a molecular weight 
cut-off of 14K daltons, separated into its constituents by CZE; 

FIG. 7 is an electropherogram of a normal urine sample separated into its constituents by CZE; 

FIG. 8 is an electropherogram of a patient urine sample including Bence Jones proteins separated into Its constit- 
uents by CZE; and 

FIG. 9 is two superimposed electropherograms of normal serum proteins separated into their constituents by CZE, 
where electropherogram A is the 1st run and electropherogram B is the 20th run. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Mammalian secreted proteins, unlike non-mammalian secreted proteins (for example, those produced by recom- 
binant DNA technology utilizing E.coli as the bacteria) are primarily glycoproteins, that is, they include sugar moieties 
on their back-bone. Schematically, such proteins can be represented as follows- 



The symbols are Indicative of the individual charges that are included within the protein. This charge distribution, re- 
ferred to as hetero-polyelectrolytic, indicates that when the isoelectric point (pi) equals the pH, the charge distributton 
of positively and negatively charged moieties will be equal and the net protein charge neutral. When pH is greater than 
pi, the charge distribution of the protein provides a net negative charge. 

CZE techniques have been successfully applied to the analysis of non-mammalian secreted proteins utilizing un- 
treated capillaries It is only with mammalian proteins that the foregoing problems have been encountered Applicants 
believe that because non-mammallan secreted proteins are not glycoproteins, the sugar moieties of mammalian pro- 
teins may play a role in the adsorption problem. 

Applicants avoid the above problems by including in the electrolytic buffer at least one agent capable of complexing 
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with the sugar moieties of mammalian proteins. The agent, in effect, functions as a protecting group which binds to 
the prote-n to prevent rts adsorption to the capillary wall while at the same time not affecTng he pZn S 

Preferred examples of the agent include borate-based derivatives, such as a^^l^oXl'^^ZTiL 1 to 8 

/lithinm^I h J. ^ P ^""^ preferably 1 carbon atom, alkali-metal salts of carbonate (CO ) 

prote.n constituents will be complexed by the agent. Accordlngly'the concentration o f e ent n'^b fle sho^^^^ 
ol Z TrT.'T"" '° =°"^«ntration of the proteins in the sample. Preferably the concen raTJn 

Of the agent in the buffer ,s greater than about 20mM. Boric acid and borate based derivatives are oreferabl o 1.^^^^^^ 

250mrTr°".°' preferably betwe n abrS^^^^^ 

nh , I T'' ^'^^^"^"^ concentration for boric acid is about 80mM. With respect to the derivatives o7 both ohL 

VroH oHh"f P"'^"' " concentrations of from about 20mM to about oS ' 

«n«K ? TK ' " '^^ P' substantially all of the constituent species in the sample beino 

ana^,zed, This ensures that substantial^ all of the constrtuent species have the required ne nTgltive cSc^^ 
Clinical sarnp es, this requires a pH greater than about 8.00. preferably between about 9 00 and S 12 00 more 
preferably between about 10.00 and 11 .00. In the most preferred embodiment, the pH Is aboutTo 25^0 o These oH 
values are above the isoelectric points of substantial^ all protein species of clinical samples ^ 

Bone acid coriiplexes with sugar moieties of glycoproteins at pH above about 8 0 and boric acid has ^ oooh 
buffering capacity between pH of about 8.0 to about 10,0. Thus, at above pH of about 8 0 boHc ac d in^Trac^s with^ 
sugar moieties of glycoproteins, represented schematically as follows- ^ 



Boric Acid + 



-OH 
-OH 



-o/ 



eTwt rctTe' '^^"^^'^^ "^^'"^^'"^ ^ "^3^^^- ^-i^ -id does not o.h- 

whirh 1!",'°"'"^''?' 'k^ L""^' °' ^'^ '^^P'"^^ ^« riegatively charged. The protein^orate comolex 

polyvalent cations will have a tendency to bind to the negatively charged inner wall of the untreaLdcL^a^ ^fr-h ,h ! 
the most preferred embodiment of the invention, the pH modifier is sodium hydroxide 

A most preferred electrolyte buffer in accordance with the present invention can be prepared as follows: 



Boric acid (l\/1W61.83) 
Sodium Hydroxide (MW 40.00) 



4.95g 
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Distilled Water 

pH (adjusted by dropwise addition of IN NaOH) 



^--^lurn^^^dtmcidac^^ 

l^'^TJ!!"^ f u "'"^ '^'^^^"g^ P> s ^i ^ 'i li y UiuAidB . lliu pH uf Ih o Uu i l o dc i J so l u ti o n is ^boot^OOrand 

- the addit^the^sodKJm hydroxide results in a pH of about ^0.00. The final pH carr then be adjusted by the dropwise 
addrtion of sodium hydroxide until the final pH is about 10.25. 

EXAII4PLES 

The following examples directed to preferred embodiments of the invention disclosed herein are not intended nor 
Should they be construed, as limiting the disclosure, or the claims to follow. 

I. MATERIALS AND METHODS 

A. Capillary Electrophoresis Procedures 

Capillary electrophoresis of clinical samples was performed on a Beckman Instruments, Inc high performance 
capillary electrophoresis system (Beckman Instruments, Inc., Fullerton. OA., USA, Model No 357575) Data analysis 
was performed on System Gold™ software (Beckman Instruments, Inc.). The aforementioned capillary electrophoresis 
system contains built-in 214. 254, 260 and 415nm narrow-band fitters for on-line detection. Electrophoresis was per- 
Tonn^Jll-''^:"'^""^ '"^ ^'""^ 2^'=""' '^"y (P"iyn^i'=ro Technoiogles. Inc., Phoenix, A2., USA Part No 

TSP075375). The detection window is located approximately 6.5cm from the column outlet 

Clinical samples were placed on the inlet tray of the aboveKjescribed capillary electrophoresis system Clinical 
samples were automatically injected into the capillary tube by the electrokinetic method for 3 to 10 seconds at IkV 
Chnical sample separations were performed in less than 10 minutes using a column voltage gradient of 200 volts/cm 
The capillary tube was washed and reconditioned between each run (18 seconds, 1 N NaOH, 12 seconds 1% Triton- 
X 100™ in distilled H2O). 

B. Agarose Gel Electrophoresis 

Comparative serum protein analysis and hemoglobin assay analysis by agarose gel electrophoresis ("slab- elec- 
Sr'c!?oT.'^Kf "'""^"^ °" ^ PARAGON® electrophoresis system using SPE gel (Beckman Instruments. Part No 
655905; PARAGON® is a registered trademark of Beckman Instruments, Inc.). All procedures were performed accord- 
ing to manufacturer's instructions. 

G. Control and Patient Samples 

Control samples of serum protein were obtained from Beckman Instruments, Inc Fullerton CA Normal serum 
and urine samples (Beckman Instruments, Inc., Brea. CA.) were utilized. Patient serum, urine and cerebro spinal fluid 
samples were obtained from Brea Community Hospital, Brea CA. 

Serum samples were diluted 1 :20 serum to buffer; the buffer contained 75mmol/L sodium chloride and 20mmol/L 
potassium phosphate; the pH of the buffer was 7.0. Urine and cerebro spinal fluid samples were used as received. 

D. Electrolyte Buffer 

All chemicals were at least of ACS grade. Electrolyte buffer was made by dissolving 4.95g of boric acid (MW 61 83) 
and 4.869 sodium hydroxide (MW 40.00) in 1 L distilled H^O. Final concentration of boric acid was BOmM/L and sodium 
hydroxide was 121.6mM/L. Final pH was adjusted to 10.25 ± 0 1 by dropwise addition of IN NaOH 

Capillary washing and reconditioning solutions were as described above. 



EP 0 518 475 B1 



II. EXAMPLES 

Example 1 

5 Normal Control Serum Slab Electrophoresis 

Th a af o r e m a n tlo n ad norma l c o ntro l oefum-wa6-aflaty2ed-^y-SP6^et-oR-4he-atefemef>ltened-^^ 

— ^lectrophoresiasystemandproducedtha electfopherogram in f?IG. 1. 

10 Example 2 

Normal Control Serum CZE 

The control utilized in Example 1 was analyzed using the aforementioned Beckman capillary zone electrophoresis 
'5 systems, with detection at 214nm and an applied potential of 5kV. Analytical results were obtained in less than 10 
minutes. The analysis produced the electropherogram in FIG. 2. 

Example 3 

20 Serum Sample - IgG Kappa Myeloma Slab Electrophoresis 

Analysis of a serum sample from an IgG kappa myeloma patient as analyzed using the same conditions described 
in Example 1, produced the electropherogram in FIG. 3. 

2S Example 4 

Serum Sample - IgG Kappa Myeloma CZE 

Serum sample from the patient described in Example 3 was analyzed using the same conditions described in 
30 Example 2. The analysis produced the electropherogram in FIG. 4. 

Example 5 

Cerebro Spinal Fluid Sample CZE 

35 

Patient cerebro spinal fluid sample was analyzed using the same conditions described in Example 2. The analysis 
produced the electropherogram in FIG. 5. 

Example 6 

Cerebro Spina! Fluid Sample CZE 

The same patient cerebro spinal fluid sample, dialyzed with a molecular weight cutoff of 14 daltons was analyzed 
using the same conditions described in Example 2. The analysis produced the electropherogram in FIG. 6. 

Example 7 

Normal Urine Sample CZE 

^° FIG T"^"^^' "^'"^ analyzed as described in Example 2 The analysis produced the electropherogram in 

Example 8 

55 Urine Sample - Bence Jones Proteins CZE 

Patient urine sample including Bence Jones proteins was analyzed using the conditions described in Example 7 
The analysis produces the electropherogram in FIG. 8. 
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CZE Reproducibility 

5 Using the conditions and sample described in Example 2, a reproducibility study of CZE analysis was conducted 

Tha above <teta^ demonstrates thai capiltery^ zona eleetrophoresi^ of Gliniea^ samples in an^^ 
- CO ZtronTlL? TfV ''"'T '^=^'"9 of IdenTal samples utilizing CZE S 

se, forih electrophoresis indicates that the results produce nearly identical pattems, Furthemiore, the data 

time of n r r T"""' ''f'^^^'^'^''^ °' '^^ ^y^'-^^. whereby after twenty repeated runs, the elu^n 
Srnel whf K T"' I ' ° Accordingly, the foregoing data demonstrates the advantages and 

benefits which are derived from CZE analysis of clinical samples in untreated capillary columns 
IS "'"^^ ^""^ methodology has been described in considerable detail and in terms of 

prefe red embodiments, they are not to be construed as limitations on the disclosure or the claims that follow The 

that are within the pun^.ew of these skilled in the art are intended to fall within the scope of the following claims. 
20 Claims 

^ ■ theSi7of'°"^ electrophoresis method tor the analysis of a glycoprotein^ontaining clinical sample comprising 

(a) introducing said glycoprotein^ontaining clinical sample into an open untreated capillary tube including 
therein an electrolyte buffer, said buffer comprising at least one agent capable of complexing with sugar mo^ 
IT, °" 9'V^°P^°»^'"«. «^l-<=t-d from boric acid, alkyl-boronic acid having from 1 to 20 carbon atoms in the 
alkyi portion, lithium phosphate, potassium phosphate, rubidium phosphate, caesium phosphate francium 
phosphate, mono, di-, tri-, and tetra-alkyi ammonium phosphate having from 1 to 8 carbon atoms in the alkyI 
portion, lithium carbonate, sodium carbonate, potassium carbonate, rubidium carbonate, caesium carbonate 
TnThe Xl portbn°"^'^' ^"'^ ^'^"1°"^"'^ carbonate having from 1 to 8 carbon atoms 

(b) subjecting said sample to a capillary zone electrophoresis, and 

(c) detecting the glycoproteins in said sample. 

2. A method as claimed in claim 1 wherein said alkyl-boronic acid has from 1 to 8 carbon atoms in the alkyI portion. 

3. A method as claimed in claim 1 wherein said alkyl-boronic acid has 1 carbon atom in the alkyI portion. 

lTnn°^ as claimed in claim 1 wherein at least one of the alkyI groups of said mono-, di-, tri- and tetra^lkyl 
ammonium phosphate, or of saidmono-,di-,tri-,andtetra-alkylammoniumcarbonatehasfrom1to3carbonatoms 

excess relative to the glycoproteins in the sample 

abou?20 m^M."^''"''' " "^'"^ ' "^^'^^^'^^''^^ °f ^^'^ complexing agent in said buffer is greater than 

7. A method as claimed in claim 1 wherein said complexing agent in the buffer is boric acid. 

8. A method as claimed in claim 7 wherein the concentration of boric acid in said buffer is from 70 mM to 400 mM. 

9. A method as claimed in claim 7 wherein the concentration of boric acid in said buffer is from 75 mM to 250 mM. 
55 10. A method as claimed in claim 7 wherein the concentration of boric acid in said buffer is about 80 mM. 

1 1 . A method as claimed in claim 1 wherein the buffer further comprises an effective amount of at least one pH modifier 
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12. A method as claimed in claim 11 wherein said pH modifier is selected from lithium hydroxide, sodium hydroxide 
potassium hydroxide, rubidium hydroxide, caesium hydroxide, (rancium hydroxide, mono-, dl-, tri- and tetra^lkyi 
ammonium hydroxide having from 1 to 8 carbon atoms in the alkyi portion. 

13. A method as claimed in claim 12 wherein at least one of the alkyI groups of said mono-, di-, tri-. and tetra-alkyi 
ammonium hydroxide has from 1 to 3_c_arbop fitocns _ 



- 1 4. Amethodas^claimed in ciainrult wherein-said pH-modifie^is^sodiurrvhydroxide. 

15. A method as claimed in claim 1 wherein the pH of said buffer is at least 8.00. 

16. A method as claimed in claim 1 wherein the pH of said buffer is from 9.0 to 12.0. 

17. A method as claimed in claim 1 wherein said sample is selected from whole blood, serum, plasma, 
cerebro spinal fluid. 



Patentanspruche 

20 1. Kapillar-Zonen-Elektrophorese-Verfahren fur die Analyse von einer Glykoprotein enthaltenden klinischen Probe 
mit den folgenden Schritten: 

(a) Einbfingen der Glykoprotein enthaltenden klinischen Probe in ein offenes unbehandeltes Kapillar-Rohr- 
chen. das einen Elektro!»t-Puffer sinschlicRt, v.-obei dsr Puffer wenigstens einen VVirkstoff aufweist, der zur 

^5 Komplexbildung mit Zucker-Anteilen von Glykoproteinen geeignet und aus Borsaure, Alkyl-Borcnsaure mit 1 

bis 20 Kohlenstoffatomen im Alkyl-Teil, Lithium-Phosphat, Kalium-Phosphat, Rubidium-Phosphat, Casium- 
Phosphat, Francium-Phosphat, Mono-, Di-, Tri- und Tetra-Alkyl-Ammonium-Phosphat mit 1 bis 8 Kohlenstoff- 
atomen im Alkyl-Teil. Lithium-Karbonat, Natrium-Karbonat, Kalium-Karbonat, Rubidium-Karbonat, Casium- 
Karbonat und Francium-Karbonat, Mono-, Di-, Tri- und Tetra-Atkyl-Ammonium-Kartonat mit 1 bis 8 Kohlen- 

^° stoffatomen im Alkyl-Teil ausgewahit ist, 

(b) Anwendung der kapillaren Zonen-Elektrophorese auf die Probe, und 

(c) Detektion der Glykoproteine in der Probe. 

2. Verfahren nach Anspruch 1 , 

3S bei dem die Alkyl-Boronsaure 1 bis 8 Kohlenstoffatome im Alkyl-Teil aufweist. 

3. Verfahren nach Anspruch 1, 

bei dem die Alkyl-Boronsaure 1 Kohlenstoffatom im Alkyl-Teil aufweist. 

**o 4. Verfahren nach Anspruch 1, 

bei dem wenigstens eine der Alkyl-Gruppen der Mono-, Di-. Tri-und Tetra-Alkyl-Ammonium-Phosphate oder der 
Mono-, Di-, Tri-und Tetra-Alkyl-Ammonium-Karbonate 1 bis 3 Kohlenstoffatome aufweist. 

5. Verfahren nach Anspruch 1 , 

''5 bei dem die Konzentration des komplexbildenden Wirkstoffes in dem Puffer in stoichometrischem UberschuB be- 

zuglich der Glykoproteine in der Probe vorliegl. 

6. Verfahren nach Anspruch 1 , 

bei dem die Konzentration des komplexbildenden Wirkstoffes in dem Puffer grofler als ungefahr 20 mM ist 

7. Verfahren nach Anspruch 1 , 

bei dem der komplexbildende VVirkstoff in dem Puffer Borsaure ist. 

8. Verfahren nach Anspruch 7, 

ss bei dem die Konzentration der Borsaure in dem Puffer von 70 mM bis zu 400 mM betragt. 

9. Verfahren nach Anspruch 7, 

bei dem die Konzentration der Borsaure in dem Puffer von 75 mM bis zu 250 mM betragt 
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10. Verlahren nach Anspruch 7, 

bei dem die Konzentration der Borsaure in dem Puffer 80 mM ist. 

11. Verfahren nach Anspruch 1, 

bei dem der Puffer weiterhin eine wirl<same Menge von wenigstens einem ptH-Wert-Einsteller aufweist. 



— tSr^ V e rfohr e n nach A n spru ch If ; 

beidemdei^pH-Wert-Einstellefaueythium-Hydroxyd, Nalrium-Hydroxyd. Kalium-Hydroxyd, Rubidium-Hydroxyd, 
Casium-Hydroxyd, Franclum-Hydroxyd, Mono-, Di-, Tri- undTetra-Alkyl-Ammonium-Hydroxyd mit 1 bis 8 Kohlen- 
stoffatomen im Alkyl-Teil ausgewahit ist. 

13. Verfahren nach Anspruch 12, 

bei dem wenigstens eine der Alkyl-Gruppen der Mono-, Di-, Tri-und Tetra-Alkyl-Ammonium-Hydroxyde 1 bis 3 
Kohlenstoffatoma aufweist. 

14. Verfahren nach Anspruch 11, 

bei dem der pH-Wert-Einsteller Natrium-tHydroxyd ist. 

15. Verfahren nach Anspruch 1, 

bei dem der pH-Wert des Puffers wenigstens 8,00 Ist. 

16. Verfahren nach Anspruch 1, 

bei dem der pH-Wert des Puffers zwischen 9,0 und 1 2,0 liegt. 

17. Verfahren nach Anspruch 1, 

bei dem die Probe aus Gesamt-Blut, Serum, Plasma, Urin und Cerebrospinal-Flussigkeit ausgewahit ist. 



Revendications 

1. Methode d'Slectrophorese ^ zone capillaire pour I'analyse d'un echantlllon cllnique contenant des giycoproteines 
comprenant les 6tapes de: 

(a) introduction dudit 6chantlllcn cllnique contenant des giycoproteines dans un tube capillaire non trait6 ouvert 
3S incluant k I'interieur un tampon electrolyte, ledit tampon comprenant au moms un agent capable de se com- 

plexer avec les moili^s sucres sur les giycoproteines, choisi parmi I'acide borique, un acide alkyl-boronique 
ayant de 1 ^ 20 atomes de carbone dans la portion alkyle, le phosphate de lithium, le phosphate de potassium, 
le phosphate de rubidium, !e phosphate de cesium, le phosphate de francium, un mono-, di-, tri-, et tetra-alkyi 
ammonium phosphate ayant de 1 & 8 atomes de carbone dans la portion alkyle, le carbonate de lithium, le 
40 carbonate de sodium, le carbonate de potassium, le carbonate de rubidium, le carbonate de c6sium, et le 

carbonate de francium, un mono-, di-. tri-, et t6tra-alkyl ammonium carbonate ayant de 1 a 8 atomes dans la 
portion alkyle, 

(b) soumission dudit 6chantlllon ^ une 6lectrophor6se ct zone capillaire, et 

(c) detection des giycoproteines dans ledit echantlllon. 

45 

2. Methode selon la revendication 1 dans laquelle ledit acide alkyl-boronique a de 1 S 8 atomes de carbone dans la 
portion alkyle. 

3. M6thode selon la revendication 1 dans laquelle ledit acide alkyl-boronique a un atome de carbone dans la portion 
50 alkyle. 

4. M6thode selon la revendication 1 dans laquelle au moins un des groupes alkyles dudit mono-, di-, tri- et tetra-alkyi 
ammonium phosphate, ou dudit mono-, di-, tri-, et tetra-alkyi ammonium carbonate a de 1 ^3 atomes de carbone. 

55 5. M6thode selon la revendication 1 dans laquelle la concentration dudit agent complexant dans ledit tampon est en 
exc§s stoechiom6trique par rapport aux giycoproteines dans r6chantillon. 

6. Methods selon la revendicatkDn 1 dans laquelle la concentration dudit agent complexant dans ledit tampon est 
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supdrieure k environ 20 mM. 

7. M6thode selon la revendication 1 dans laquelle ledit agent complexant dans le tampon est I'acide borique. 

8. Mdthode selon la revendication 7 dans laquelle la concentration de I'acide borique dans ledit tampon est de 70 
m„MA4QDmfyL 



9. Method© selon la revendicatiofv7 dans laquelle la concentration d'aeide borique dans ledit tampon est de 75 mM 
k 250 mM. 

10. M6thode selon la revendication 7 dans laquelle la concentration d'aeide borique dans ledit tampon est d'environ 
80 mM. 

11. M6thode selon la revendication 1 dans laquelle le tampon comprend de plus une quantity efficace d'au moins un 
modificateur de pH. 

12. Methode selon la revendication 11 dans laquelle ledit modificateur de pH est choisi parmi I'hydroxyde de litliium, 
I'hydroxyde de sodium, I'hydroxyde de potassium, I'hydroxyde de rubidium, I'hydroxyde de c6sium, I'hydroxyde de 
francium, un hydroxyde de mono-, di-, tri-, et tetra-alkyi ammonium ayant de 1 a 8 atomes de carbone dans la 
portion alkyle. 

1 3. Methode selon la revendication 1 2 dans laquelle au moins un des groupes alky les dudit hydroxyde mono-, di-, tri-, 
et t^tra-alkyl ammonium a 1 & 3 atomes de carbone. 

14. Methode selon la revendication 11 dans laquelle ledit modificateur de pH est I'hydroxyde de sodium. 

15. Methode selon la revendication 1 dans laquelle le pH dudit tampon est d'au moins 8,00. 

16. MSthode selon la revendication 1 dans laquelle le 5 pH dudit tampon est de 9,0 & 12,0. 

17. Methode selon la revendication 1 dans laquelle ledit echantillon est choisi parmi du sang entier, du serum, du 
plasma, de I'urine et du fluide c6rebro spinal. 
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FIG. 4 
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